Background: Most maternal deaths in developing countries can be prevented. China is among the 13 countries with the most maternal deaths; however, there has been a marked decrease in the maternal mortality ratio (MMR) over the last 3 decades. China's reduction in the MMR has contributed significantly to the global decline of the MMR. This study examined the geographic and rural-urban differences, time trends and related factors in preventable maternal deaths in China during 1996-2005, with the aim of providing reliable evidence for effective interventions. Methods: Data were retrieved from the population-based maternal mortality surveillance system in China. Each death was reviewed by three committees to determine whether it was avoidable. The preventable maternal mortality ratio (PMMR), the ratios of PMMR (risk ratio, RR) and 95% confidence intervals (CI) were used to analyze regional disparities (coastal, inland and remote regions) and rural-urban variations. Time trends in the MMR, along with underlying causes and associated factors of death, were also analysed. Results: Overall, 86.1% of maternal mortality was preventable. The RR of preventable maternal mortality adjusted by region was 2.79 (95% CI 2.42-3.21) and 2.38 (95% CI: 2.01-2.81) in rural areas compared to urban areas during the 1996-2000 and 2001-2005 periods, respectively. Meanwhile, the RR was the highest in remote areas, which was 4. ) times as much as that of coastal areas. Obstetric haemorrhage accounted for over 50% of preventable deaths during the 2001-2005 period. Insufficient information about pregnancy among women in remote areas and out-of-date knowledge and skills of health professionals and substandard obstetric services in coastal regions were the factors frequently associated with MMR.
Background
Since the United Nations proposed a 75% reduction in the global maternal mortality ratio (MMR) by 2015 over the 1990 figure [1] , governments worldwide have defined their own goals and strategies for MMR reduction accordingly. Despite the endeavours made thus far, the global MMR in 2005 was not much different from that in 1990. The MMR even remained the same in some countries/regions, such as sub-Saharan Africa, or only slightly decreased, as in South Asia [2, 3] . Thus, it is very challenging to reduce the global MMR to the expected level and to achieve the Millennium Development Goals by 2015.
Nevertheless, many studies have shown that further reductions in maternal mortality can still be made in developing countries by improving the maternal health system, initiating special interventions, and utilizing other approaches such as public health education. It was estimated that over 342,900 (99%) maternal deaths occurred in developing countries [4] , and 37-90% of them could have been prevented [5] . Obviously, women in developing countries/areas have a higher risk of dying from pregnancy complications. One study reported that 1 in 16 sub-Saharan women, 1 in 94 Asian women and 1 in 4000 European women died from pregnancy-related complications [6] . Studies also documented a remarkable racial/ethnic variation in the MMR. In the United States, African-American women had higher MMR than white women [7] , while in Germany [8] and the Netherlands [9] , immigrants had higher MMR than the natives. To minimize the regional/racial/ethnic differences in MMR, Germany improved access and quality of obstetric services for non-native women [8] , Chile promoted education on health and healthcare access [10] , and Sri Lanka controlled infection [11] . In developed and developing countries, these approaches have been proven to be feasible and effective in minimizing the socioeconomic gap and the negative effects of traditional culture on reproductive health, thus eventually lowering the MMR.
Over the past two decades, China has experienced remarkable economic growth. The overall health status of the Chinese population has improved remarkably with the increased government investment in health, although the increase is not proportional to the country's tremendous economic growth [12] . However, there has been a great gap in socioeconomic development between rural and urban areas and among different geographic regions (coastal, inland and remote regions), which in turn affects China's medical care [13] . The distribution of maternal deaths and associated factors also varies markedly among different regions within this country. Several researchers proposed that health inequality in China could be attributed to the unbalanced socioeconomic development [13] [14] [15] . How to narrow the rural-urban and regional gap in MMR is a challenge faced by the Chinese government. Health professionals, policy makers, and even the public are concerned about whether and how the MMR in China can be reduced. Based on the nationwide maternal mortality surveillance data from 1996 to 2005, the present study examined the rural-urban and geographic differences in preventable maternal mortality, analysed the time trends and associated factors, and discussed strategies and methods to reduce maternal death.
Methods

NMMSS in China
Data used in this study were obtained from the National Maternal Mortality Surveillance System (NMMSS), a well-established population-based maternal death registry system set up by the Ministry of Health of China in 1989. This system now includes 176 counties/districts as the basic sampling unit, covering a population of 60 million within mainland China. The selected counties/districts can be classified into urban (97) or rural areas (79) according to the women's residence, or into coastal (62), inland (54), and remote regions (60) according to their geographic locations and socioeconomic status [16, 17] . The data collected by the system are included in the National Health Statistics Yearbook [18] .
Data collection
The data collection procedures have been documented previously [13, 19] . In short, the numbers of maternal mortalities and live births were collected monthly by trained village doctors and reported to township maternal and child healthcare professionals, who examined and summarized data using a standardized quarterly report. The data were then sent to the county and provincial maternal and child healthcare institutions to be reviewed, corrected and verified. Ultimately, the data were submitted to the National Office for Maternal and Child Health Surveillance, where an expert panel was responsible for the final verification, maternal death review and data analysis.
Data quality management
To guarantee the accuracy of surveillance data, the NMMSS employed a set of strict underreporting investigation methods in addition to the routine collection of data on live births and maternal mortality. Every year, prior to the annual report, the surveillance systems at the county/district, provincial and state levels will conduct independent retrospective quality investigations of data submitted by counties/districts. The investigators must visit departments related to maternal mortality surveillance, such as the Vital Statistical System, Household Registration Department of the Ministry of Public Security, healthcare institutions, and departments of family planning and crematories to verify the number of live births, maternal mortality and causes of death and make prompt corrections to underreporting or misdiagnoses of death cause.
Investigation of maternal deaths
To collect information for maternal death review, an investigation was conducted by at least one specialty trained obstetrician from the county/district maternal and child health hospital. For deaths inside the hospital, hospital records and other related information were collected by document reviewing or personal interviewing. For deaths outside the hospital, information was collected by household visit. This sort of investigation focused on personal/family background, overall situation during pregnancy, onset of any disease and corresponding treatment, course of delivery, the date of termination of pregnancy, and the date of maternal death. Subjects of investigation were the husband, family members and relatives, midwife, obstetrician, nursing staff and others close to the deceased woman. Upon completion of the investigation, the investigation form, medical examiner reports, medical records, and autopsy reports for each case were submitted to the review committee at the county/district level of the surveillance area.
Maternal death review
A death was considered preventable ''if the death may have been averted by one or more changes in the healthcare system related to clinical care, facility infrastructure, public health infrastructure and/or patient factors.'' For each case classified as potentially preventable, a determination was made regarding the ways in which the death might have been averted [20] .
According to the World Health Organization (WHO) recommendation [21] , each case of maternal death was reviewed by the review committees at the county/district, provincial, and state levels. After receiving the mortality report, the committee at the county/district level conducted the preliminary review: (1) to check the completeness and accuracy of the report and request additional information for the report if needed and (2) to determine causes of death, identify preventable areas and associated factors, and suggest interventions. The review committees at the provincial and state level reexamined the results submitted by the subordinate committee, undertook the joint review for contentious cases, and made the final decision based on the majority of opinions. Causes of death were encoded in accordance with ICD-10 [22] .
The review committee identified three areas in which different actions might have prevented the deaths: individual/family, health institutions, and the social departments. Each of these areas involved four factors: knowledge/skills, attitude, resources, and management (Table 1 ). In detail, the factor would be regarded as the knowledge of the individual when the woman did not receive prenatal examination due to her unawareness of its necessity, had home delivery due to her ignorance of its risk, or did not receive any treatment for medical conditions diagnosed before pregnancy because she did not know the conditions could have been aggregated by pregnancy. Factors would be grouped into the attitude of the individual when the woman or her family refused necessary treatment or did not adhere to medical advice for personal reasons. Factors would be classified as the resources of the individual/family when the woman failed to seek care timely because of poverty or inconvenient transport. Factors would belong to the knowledge/ skills of the health professionals in health institutions when the professionals failed to identify and to solve problems related to the pregnancy, delivery and puerperium of the woman. Factors would be counted as the attitude of the health professionals in health institutions when they lacked a sense of responsibility, neglected necessary health education and were reluctant for referral. Factors would be considered as the resources of the health institutions when they were short of first-aid drugs, equipment, blood supply or technicians. Factors would be considered as the management of the health institutions when the equipment for first aid failed to function, a sound diagnosis and treatment system was absent, or a system for treatment of critically ill and emergency cases was lacking. Factors would be grouped into the social departments when the departments of transportation, family planning, and the working committee on women and children were involved.
Statistical analysis
Considering that maternal death is an event of extremely small probability, we combined the five-year data to get a more stable MMR. The MMR ratio (risk ratio, RR) and its 95% confidence interval (95% CI) were used Table 1 The factors associated with preventable maternal deaths indentified by review committee to measure the rural-urban and regional disparities in preventable maternal mortality ratio (PMMR) and cause-specific PMMR [23] . When using RR to compare the rural-urban and regional disparities, the PMMR in urban areas and coastal areas were set as the reference group. Cochran-Mantel-Haensel (CMH) was used to calculate the RR and its 95% CI was adjusted by the factor of residential areas or geographic areas and stratified by the time periods. When different reference groups were set, the RR in this study was used not only to assess the relative risks but also to predict the number of deaths that would be reduced. Time trends in MMR were tested using the Cohran-Armitage trend test (SAS version 9.0; SAS Institute, Carey, NC, USA) [24] . The standard chi-square test was used to compare the distributions of factors associated with maternal death. The statistical significance level for α was set at 0.05.
Results
Preventable maternal mortality during 1996-2005
As shown in Table 2 , 2949 maternal deaths were identified by NMMSS during the 1996-2005 period, among which 2540 cases (86.1%) were determined to be preventable. The overall PMMR varied significantly by time period, residence area and geographic region. Generally, a decreasing trend on PMMR in China was detected with the PMMR during the 1996-2000 period, which was higher than that during the 2001-2005 period. Higher PMMR was observed in rural areas and remote regions than in urban areas and costal region, respectively. The proportion of preventable deaths was also higher in rural than in urban areas, with the highest in remote rural areas. Compared with the years from 1996 to 2000, the proportions of preventable deaths in both urban and rural areas during the 2001-2005 period decreased, with the exception of urban areas situated inland (Table 2 ). An interesting phenomenon is that the proportion of preventable maternal deaths increased in this order: costal, inland and remote areas. The rural over urban PMMR ratios within specific stratifications and adjusted ones revealed a huge gap between rural and urban areas ( Table 2) . Although the PMMR for both urban and rural areas had decreased over time, the adjusted rural over urban RR was still as high as 2.38 (95% CI:2.01-2.81) between 2001 and 2005.
Similarly, significant regional disparities were identified during the 1996-2005 period. The PMMRs and the adjusted RR revealed that women in remote areas have the highest risk of dying from pregnancy, followed by women who live in inland (Table 3) (Table 3) .
Cause-specific preventable maternal death in different geographical regions
As shown in Table 4 , cause-specific PMMR varied largely across the country during the 1996-2005 period, with obstetric haemorrhage being the leading cause followed by pregnancy-induced hypertension. Obstetric haemorrhage contributed to more than 50% of the 
Distribution of the factors related to preventable maternal deaths
Factors associated with preventable maternal deaths varied by geographic locations (Table 5) . Deaths related to factors at medical institutions increased in the following order: remote, inland and coastal areas. Deaths related to individual/family factors decreased in the same order. In coastal and inland regions, more than 50% of Note. CI = confidence interval. a RR = risk ratio * Adjusted for urban-rural areas using CMH. ** P < 0.001 ***P < 0.05 preventable deaths were associated with the knowledge/ skill of medical institutions. In remote areas, the most frequent factors associated with preventable deaths were improper individual/family knowledge/skills (46.11%), followed by improper knowledge/skills of medical institutions (29.61%) and the financial status of the family (10.66%). In coastal regions and inland, the lack of essential knowledge/skills by health professionals at lower than the county level seemed to be a dominant problem, particularly for those at the township and county levels (Table 5) .
Discussion
Based on data retrieved from the NMMSS, our study found that 86.1% of maternal deaths in China between 1996 and 2005 were preventable. Both the proportion and the MMR of preventable deaths differed by regions: underdeveloped, remote areas had higher MMRs than developed, coastal regions; rural areas had higher MMRs than urban areas; and remote rural areas had the highest MMRs. The factors associated with preventable death also had regional variations, which might explain the regional disparities in PMMR. The epidemiological features of preventable maternal mortality in China have not been described in detail; hence, our findings will be of great value to the government's intervention in reducing maternal deaths. MMR has been used as one of the key indicators evaluating the socioeconomic development of a country/ region. The risk factors related to maternal deaths are usually controlled with interventions or environment improvement, which means that the reduction of MMR is, in essence, that of preventable maternal mortality. Therefore, the PMMR of a country/region reflects both the quality of its obstetric services and the quality of life of the women there. Many reports show that the proportion of maternal deaths that are preventable varies worldwide, namely, 37% in Japan [25] , 40% in the United States [20] , 44.4% in South Australia [26] , 70.2% in Nigeria [27] , and as high as 90% in Brazil [28] . Our study indicated that the proportion of preventable maternal deaths in China between 1996 and 2005 was compatible with those in developing countries.
Although the MMR in coastal regions, inner lands and remote areas all declined during the 1996-2005 period, significant disparities were observed in urban/rural areas and by geographic locations. The PMMRs in remote and inlands areas were four and more than two times as high as that of coastal regions, respectively. It is noteworthy that the RR in inner lands was higher during the 2001-2005 period than during the 1996-2000 period. This suggests that the gap between inland and coastal regions in preventable maternal mortality might have been widening. Despite the high-speed economic growth in the past two decades, the country has seen an increasing disequilibrium in regional development. Official data released in 2005 on national economic growth showed that the average income per capita for coastal regions was 1.5 and 1.7 times higher than that for inner lands and remote areas, respectively, and was 3.5 times higher for urban areas than for rural areas. The differences were noticeably larger than that in 1996 [29] . Remote areas have lagged behind in economic development, but favourable state policies and health projects have enabled them to improve the health of local women and children by a larger margin and at a higher speed than inner lands [13] . By contrast, inner lands experienced a "bottleneck" in economic and medical undertakings because they did not have the economic advantages of the coastal regions or the favourable policies and projects of the remote areas. This situation was best reflected by the large difference in PMMR and relatively stable RR during different periods. In remote areas, the marked reduction in PMMR and minimization of RR during different periods further proved that special intervention programs such as "Reducing Maternal Mortality and Eliminating Newborn Tetanus" [30] by the government achieved a good result. The cause-specific PMMR also presented regional differences in China during 1996-2005. Obstetric haemorrhage was the leading cause of maternal mortality across the country but comprised different proportions of the preventable cause-specific deaths; it was most prevalent in remote areas, followed by inner lands and coastal regions. As medical sciences advance, 90% of obstetric haemorrhage should be preventable when sufficient blood supply, easy transport, and skilful medical procedures are available [20] . Although the proportion of deaths due to obstetric haemorrhage increased in coastal regions during the 2001-2005 period, the MMR still remained the lowest among the three regions. In the United States and Europe, maternal deaths due to obstetric haemorrhage have been reduced to an extremely low level, and haemorrhage has been replaced by embolism, cardiac disorders, and other unavoidable factors as the leading cause of maternal mortality [31] . However, in developing countries such as China, the largest proportion of maternal deaths still results from obstetric haemorrhage. According to a WHO estimate, obstetric haemorrhage accounted for 30.8% of all maternal deaths among Asian women [32] . The situation is becoming worse in China, particularly in remote areas where women have the highest risk of dying from obstetric haemorrhage. Although there was a decreasing trend in other cause-specific PMMRs besides obstetric haemorrhage, regional gaps in the PMMR were still obvious. Women in remote and inland areas had a higher risk of dying from pregnancy-induced hypertension, cardiac disorders, and puerperal infection than those in coastal regions. To some extent, the reduction of MMR in China depends on the reduction of deaths due to these conditions.
It has been widely accepted that MMR in a specified area is affected by socioeconomic status in addition to the development of healthcare systems. In China, 80% of health resources were concentrated in big cities [33] , and 80% of these resources were concentrated in large urban hospitals [34] . There were more abundant healthcare resources and human resources in coastal regions, and the number of technicians (with bachelor degrees and senior professional titles) was much higher than in inland and remote regions. In terms of types of obstetric services, such as caesarean section, hysterectomy and blood transfusion, there were no large differences between health institutions at the county level and provincial level. However, grassroots health institutions in rural and remote regions had the lowest obstetric service quality due to the inadequate medical facilities and obstetrician skill [34, 35] . Undoubtedly, the coastal region of China has a well-developed socioeconomic and healthcare system. If effective measures are taken, the maternal healthcare in the inland and remote areas can achieve the same level.
Our findings reveal that the factors associated with maternal mortality also differed by region. Knowledge/ skill of individual/family seemed to be the major factor for remote areas, where women or their families were usually under-educated or ill-informed, resulting in ignorance of pregnancy/delivery-related risks, absence of prenatal examination, or inability to identify risks of pregnancy-related complications. Most of these women underwent home delivery attended by inadequately trained family members or relatives [36] . As they were undereducated, elderly and slow at learning new knowledge, most midwives could not properly handle obstetric complications during delivery, such as retention of the placenta and uterine inertia, which may lead to maternal death at home or on the way to the hospital. In 2005, the hospital delivery rates in rural and remote areas were 76.22% and 33.20%, respectively, which is far lower than that in urban areas (95%) [37] . However, in coastal regions that enjoyed developed economies, rich health resources, easy transport and high accessibility of health services, most women preferred hospital delivery. The insufficient knowledge/skills of the health professionals became the major factor. The deaths happened mainly in medical institutions at the township and county level and usually resulted from such conditions such as delay in identifying or handling problems or risks during pregnancy, delivery, or puerperium; ignorance of proper referral for certain diseases; and poor surgical skills. Interestingly, remote areas had fewer problems than coastal regions concerning the knowledge/skills of health professionals, which was probably due to fewer hospital visits of the women in remote areas where health resources were scarce and access to obstetric services was inconvenient. The large proportion of maternal deaths due to individual/family factors may mask the significance of the knowledge/skills of medical institutions in remote areas. Thus, for the Chinese government, it is important to improve the knowledge/skills of individuals/families and health professionals in medical institutions, irrespective of where they live.
In summary, there are great regional disparities in preventable maternal mortality and associated factors. The decreasing trends observed in the overall PMMRs and cause-specific PMMRs suggest that the MMR in rural and inland regions can be reduced remarkably if effective measures are taken. Improvements in the economy or healthcare will be of great benefit to control or diminish environmental factors associated with preventable deaths, eventually minimizing MMR and the regional gaps within China. These findings also indicate that maternal mortality in a developing country/region will be reduced substantially if its economy, culture and healthcare are improved.
Our study has some limitations: (1) The early abortion-related maternal deaths outside the hospital were likely to be underreported, especially in the regions with a weak maternal and child healthcare system, although NMMSS covers the entire period of pregnancy and has unified quality control measures. (2) Direct analysis of the relationship between maternal death and prenatal healthcare was not possible because the detailed perinatal healthcare data for individual deaths were not collected. Many studies have shown that maternal death is associated with several social factors besides healthcare service quality [19, 38] . Scholars have been aware of the large rural-urban difference and regional difference in maternal death for a long time; however, appropriate data to explore the cause of the difference cannot be found. This paper used the large population-based surveillance data, and therefore, the results were reliable, which was of great value for adopting effective measures to reduce maternal death in developing countries where developed, developing and underdeveloped regions coexisted.
Conclusions
Most maternal mortality in China is preventable. Less developed regions, have a higher proportion of preventable maternal mortality and a higher risk of dying from pregnancy-related causes. The prevention of maternal mortality in inland and remote regions should be the focus of future work. We propose that the government focus its efforts on the following aspects in future interventions: The first is to improve basic antenatal care service, guaranteeing that each pregnant woman will receive at least five high-quality prenatal examinations, and to subsidize hospital delivery; the second is to establish an emergency rescue system for critically ill pregnant women, develop and improve referral systems among health institutions at township/county/provincial levels and create a green channel for critically ill pregnant women; the third is to strengthen health education, thus enhancing women's self-healthcare awareness and their ability to identify the risk of pregnancy complications and seek healthcare service, to promote professional training of obstetricians in basic-level medical units, specifically, to focus the county-level training on the prevention and treatment of obstetric haemorrhage and emergency skills for treatment of critically ill pregnant women, and to increase the skills of midwives during normal delivery and identify high-risk pregnant women in the township-level training.
